キホン シュスウ 2 イジョウ ノ 2ジゲン GORENSTEIN トクイテン ノ サイショウセイ ト YAU ケイレツ カイセキ タヨウタイ ト トクイテン by 都丸, 正
Title基本種数2以上の2次元Gorenstein特異点の最小性とYau系列(解析多様体と特異点)
Author(s)都丸, 正











– M.Artin $[1]$ Ph.Wagreich [20] $Z$
$P_{9^{\text{ }}}$ $p_{a\text{ }}$ $p_{f}$ ( $=$ $p_{a}(Z)$ )
Artin
$(i)p_{g}=0,$ $(ii)p_{a}=0,$ $(\ddot{u}i)p_{f}=0$ 3
Wagreich $(i)$ $p_{a}=1,$ $(\ddot{u})p_{f}=1$
H.Laufer, U.Karras, S.S.T.Yau, M.Tomari
$( p_{a}=1)$








$\pi$ : $(\tilde{X}, A)arrow(X, x)$ $\pi^{-1}(x)=A$
$A= \bigcup_{:=1}^{n}A$: $D$
$A$ (i.e., $D= \sum_{:=1}^{n}d:A:,$ $d_{\dot{\eta}}\in Z$) suppD
$= \bigcup_{d.\cdot>0}A$:
$A$
$<$ or $\leq$ $A$ $D$ $\mathcal{O}(-D)$ $\mathcal{O}_{D}=\mathcal{O}_{\acute{X}}/\mathcal{O}(-D)$
$\chi(D)=dim_{\mathbb{C}}H^{0}(\tilde{X}, C’1_{D})-dimcH^{1}(\tilde{X}, \mathcal{O}_{D})$
$\chi(D)_{2}^{1}=-(D^{2}+DK_{\tilde{X}})$ $K_{\tilde{X}}$ $\tilde{X}$ canonical sheaf (or
divisor ) $D$ $p_{g}(D)=1-\chi(D)$
:
(1) $K_{\tilde{X}}A_{i}=-A^{2}:+2g(A_{i})-2+2\delta(A_{i})$
( $g(A_{i})$ $A_{:}$ $\delta(A_{*}\cdot)$ $A_{i}$ conductor )
$p_{g}(D)$ $Z$ $ZA;\leqq 0(\forall i)$ $A$
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$p_{g}=p_{g}(X, x)=dim_{C}R^{1}\pi_{*}\mathcal{O}_{\tilde{X}}$ ( ),
(2) $p_{a}=p_{a}(X, z)=\max_{D\geq 0}p_{a}(D)$ ( ),




[ ] $a,$ $b$ $(a, b)$ $:=g.c.m.(a, b)$
$\langle a, b\rangle:=l.c.m.(a, b)$ $a_{1},$ $a_{2},$ $\ldots,$ $a_{n}(n\geqq 2)$
$[a_{1}, a_{2}, \ldots, a_{n}]$ $:=a_{1}- \frac{1}{1}$ ( )
$a_{2}--$
1
$a$ . $[a]$ $:= \max\{n\in Z|n\leqq a\}$ (Gauss ) $\{a\}=$
$\min\{n\in \mathbb{Z}|n\geqq a\}$
\S 1. .
$\pi$ : $( \tilde{X}, A=\bigcup_{:=1}^{n}A_{i})arrow(X, x)$
$D$ $0\leq D<Z$ $A$ $Z$ $A$
$A$ : $Z_{0}=D,$ $Z_{1}=Z_{O}+A_{1},$ $\ldots,$ $z_{:}=$
$Z;-1+A;,$ $\ldots,$ $Z=Z_{l}=Z_{l-1}+A_{l}$ $Z;A;+1>0(i=\epsilon,$ $\epsilon+1,$ $\ldots,$ $l-1$
$D>0$ $\epsilon=0$ $D=0$ $\epsilon=1$ ) $D$ $Z$
$Laufer[8]$
1. $E$ $A$ $0<E\leqq Z$ $E$ $p_{a}(E)=p_{f}$
$D<E$ $p_{a}(D)<p_{f}$ $E$ $A$
2.
(X, x) (i.e., $p_{f}(X,$ $x)=1$ ), $E$
$0<E<Z$




$A_{1}+A_{2}$ 1 ”0 $\geqq E\leqq Z$’
Laufer, Stevens ( ) minimal resolution
minimal resolution
minimal resolution
$\sigma$ : $(\overline{X},\overline{A})arrow(\tilde{X}, A)$ $p\in A$ $=$
$A_{:}$ $p$
$A$ $\sigma A;=\overline{A}:+m_{i}L$
$L=\sigma^{-1}(p),\overline{A}_{:}$ $A_{i}$ $m$: $A$ ; $p$
$D= \sum_{:=1}^{n}d:A_{i}$ $\sigma^{*}D=\sum_{i=1}^{n}d_{i}\sigma^{*}A_{i}$
4 . $E$ $A$ $p\in S\prime uppE$
$\sigma^{*}E-L$ $\overline{A}$
$A$ Q- $K$ $A_{:}K=A:K_{\dot{X}}(\forall i)$
$K$ $(X, x)$
numerically Gorenstein 4
5 . $(X, x)$ $p(X, x)\geqq 1$ numerically Goren-
stein $A$ minimal resolution minimal good resolu-
tion $A$ :
$-K\geqq Z+E$ .
$(X, x)$ $x$ $U\subseteq X$




Yau [26], - [27] ( ) $[23]$
( ) $[6]$ [17]
6 . (X, x) $p_{g}(X, x)\geqq 2$ Gorenstein
$p_{g}(X, x)\geqq p_{f}(X, x)+1$
Gorenstein 5 $K=Z+E$
6 $p_{g}$ $Pf+1$
( 1 $0$ )
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7 . $z_{0}=E,$ $Z_{1}=E+A_{j_{1}},$ $\ldots,$ $Z=Z_{l}=E+A_{j_{1}}+\cdots+A_{J\iota}$ $E$
$Z$ $A$ $Z_{k-1}A_{J*}=1$
$(k=1, \ldots, l)_{0}$
8. (i) $H^{1}(\tilde{X}, \mathcal{O}(-Z))\simeq H^{1}(\tilde{X}, \mathcal{O}(-E))$ ,
(i1) $H^{1}(\tilde{X}, \mathcal{O}_{Z})\simeq H^{1}(\tilde{X}, \mathcal{O}_{E})$ ,
(iii) $H^{:}(\tilde{X}, \mathcal{O}_{-K-Z})\simeq H:(\tilde{X}, \mathcal{O}_{-K-E})$ $(i=0,1)$ .
$p_{g}$ $p_{f}$
7 8
9. (X, x) $K=Z+E$
$p_{g}(X, \sim)\leqq p_{f}(X, \sim)+1$
6 9 1 $0$
1 $0$ . $(X, x)$ $p_{g}(X, x)\geqq 2$ Gorenstein
$-K=Z+E$ $p_{g}(X, x)=p_{f}(X, x)+1$
11. 1 $0$
1 $0$ 2
(X, $x$ ) $=\{f=0\}\subseteq C^{3}$ $f$
(X, x) $C^{*}$ affine $R_{X}$
$R_{X}$ $n$ Veronese (X, z) $n$
Veronese $f$ $(d;q0, q_{1}, q_{2})$
(i.e., $f(t^{q_{0}}x0,$ $t^{q_{1}}x_{1},$ $t^{q_{2}}x_{2})=t^{d}\cdot f(x_{0},$ $x_{1},$ $x_{2})$ for any $t\in C^{*}=C-\{0\}$ )
$G$ $g=(e_{n}^{i_{O}}, e_{n}^{\dot{*}1}, e_{n}^{i_{2}})$
$e_{n}=$





$E$ $4A_{0}+A_{1}+A_{2}+A_{3}+2A_{4}+A_{5}$ 1 $0$
$p_{f}(X, x)=4,$ $p_{g}(X, x)=5$
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$K$ $-K=2A_{0}+A_{1}+A_{2}+A_{3}$
$Z$ $A_{0}+A_{1}+A_{2}+A_{3}$ $E$ $A_{0}$
9 $p_{f}(X, x)=2,$ $p_{g}(X, x)$ =$
\S 2. Yau .
SST.-Yau
, X. Yang ps 4 5
$p_{g}\geqq 2$
14. $f\in C[x_{0}, x_{1}, \ldots, x_{n}]$ $(d;q_{0}, q_{1}, \ldots, q_{n})$
a$\sqrt{}$ $\ovalbox{\tt\small REJECT}$ $= \frac{1}{a:}$ $f$
Brieskorn ( $x_{0^{0}}^{a}+x_{1}^{a_{1}}+\cdots+x_{n}^{a}$. Brieskorn
)
1 5 . (X, $x$ ) $=\{f=0\}\subseteq C^{s}$ $(a_{0}, a_{1}, a_{2})$ Brieskorn
$a_{2}\geqq$
$\langle a_{0}, a_{1}\rangle$ $( :=l.c.m.(a_{0}, a_{1}))$
$p_{f}(X, x)=2^{\{(a_{0}-1)(a_{1}-1)-}1(a_{0}, a_{1})+1\}$ .
Brieskorn
$C$








Kulikov ( $g=1$ Kodaira )
Kulikov $g$
$a_{0},$ $a_{1}$ $\langle a_{0}, a_{1}\rangle\leqq a_{2}<2\langle a_{0}, a_{1}\rangle$ (X, $x$ ) $=\{x_{0^{o}}^{a}+$
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$x_{1}^{a_{1}}+x_{2}^{a_{2}}=0\}\subseteq C^{3}$ $(X, x)$ $(ie.,$ $(a_{0}, a_{1})=(2,3)$
or $(2,4)$ or $(3,3)$ ) (X, z) Laufer
Laufer [9], Reid [13]
1 6 . $(X, x)$ $(a_{0}, a_{1}, a_{2})$ Brieskorn
$\langle a_{0}, a_{1}\rangle\leqq a_{2}<2\langle a_{0}, a_{1}\rangle$
$p_{f}(X, z)\geqq 1$ $A$ $(X, x)$ minimal resolution
$A$
Orlik-Wagreich
1 $7$ $18$ $\pi$ : $(\tilde{X}, A)arrow(X, x)$
2 $A= \bigcup_{i=0}^{N}A$;
$A_{0}$ . . . $A_{n}$




( ) $(d, \lambda)=1$ $c_{0}=d,$ $c_{1}=\lambda$
$c_{2},$ $c_{3},$ $\ldots$ , $c_{n}$ $c_{i+1}=b;c;-c_{i-1}(1\leqq i\leqq n-1)$
$c_{n}=1$ $c_{i+1}<b_{i}(1\leqq i\leqq n-1)$
17. $A$ $Z$ $A_{0}$ $d\ell$ ( $\ell$ )
$A$; $Z$ $\iota c$; $(i=1, \ldots, n)$ $ZA:=0(i=1, \ldots, n)_{\text{ }}$
$l,$ $\mu$ $\mu d-\lambda l=1$ $0<\mu<d$
$(d-l)\lambda\equiv 1mod d$ $\frac{d}{d-l}=[b_{n}, \ldots, b_{1}]$ $\frac{l}{d-l}=[b_{n}-$
$1,$ $b_{n-1},$
$\ldots,$
$b_{1}$ ] $\mu(d-l)\equiv 1mod l$ $\frac{l}{\mu}=[b_{1},$ $\ldots,$ $b_{n-1},$ $b_{n}-$
$1]$
$0$ $e0=l,$ $e_{1}=\mu$ $e_{2,}e_{n}$ $e:=b_{i-1}e:-1-e:-2(i=$
$2,$
$\ldots,$
$n$ ) $e_{n-1}=b_{n}-1,$ $e_{n}=1$
18. (i) $A$ $Z$ $l$ $A$ $Z$ $e_{i}(i=$
$1,$
$\ldots,$
$n$ ) $ZA_{i}=0(i=1, \ldots, n-1)$ $ZA_{n}=-1$
(ii) $[_{7}^{d}]=1$ $b_{n}\geqq 3$




$B_{1}$ $Z^{2}<0$ $B_{1}\subseteq A$





$Z_{B_{2}}E<0$ Yau $\{Z, Z_{B_{1}}, Z_{B_{2}}\}$
$A$
$\{Z_{B_{O}}=Z, Z_{B_{1}}, \ldots, Z_{B_{m}}\}$ Yau $m+1$
Yau $p_{f}(X_{B_{1}}, x_{1})=\cdots=p_{f}(X_{B_{m}}, x_{m})=p$ ;




Gorenstein $-K= \sum_{:=0}^{m-1}Z_{B_{i}}+E$ (cf. [26], Theorem 3.7)
$i$ $K_{B_{i}}-(-K_{B}:+1)=Z_{B:}$
$K_{B}$ : $B$; $Pf\geqq 2$
(3) $-K_{B:}-(-K_{B_{i+1}})=cZ_{B}:(i=0,1, \ldots, m-1)$,
$c\in Q$





$B_{1}=A_{0}\cup A_{1},$ $-K_{B_{1}}=17A_{0}+6A_{1},$ $Z_{B_{1}}=A_{0}+A_{1}$
$(X, x)$
(3)
21. $p_{f}(X, x)\geqq 1$ Yau $t+1$ $(\tilde{X}, A)arrow$
$(X, z)$ minimal good resolution $Z_{B_{m}}=E$ suppE
$A$; $A_{:}^{2}=-2$ $Z$ $A$; 1
$A$
$A_{1,1}$ , . . . $A_{1,\ell}$
$\Leftrightarrow_{\sim}^{-0}luppE^{--}-.\cdot-\cdot-o$ $(n=-Z^{2})$ .
$A_{n,1}$ , . . . $A_{n,\ell}$
$(X, x)$ (i) $(\ddot{u})$
(i) $(X,x)$ $Yau$ 1
$(\ddot{u})$ $(X, x)$ ( ) Yau
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$-K_{B:}-(-K_{B:+1})= \frac{2p_{f}-2+n}{n}Z_{B:}$ $(i=0,1, \ldots, t-1 )$





(4) $\Sigma(a_{0}, a_{1}, a_{2})$ $:=\{(X_{t}, x_{\ell})|t=0,1,2, \ldots\}$ .
15 $t$ $p_{f}(X_{t}, x_{\ell})=p_{f}(X_{0}, x_{0})$ 15
$(X_{0}, x_{0})$
Yau :[26], Example
4,5,6 and 7 $\Sigma(2,3,9),$ $\Sigma(2,3,11),$ $\Sigma(3,3,4),$ $\Sigma(3,3,5)$
$\Sigma(a_{0}, a_{1}, a_{2})$ Yau
22. $a_{0},$ $a_{1},$ $a_{2}$ $2\leqq a_{0}\leqq a_{1},$ \langle $a_{0},$ $a_{1}$ ) $\leqq a_{2}<2\langle a_{0}, a_{1}\rangle$
(i) $(X_{t}, x_{t})\in\Sigma(a_{0}, a_{1}, a_{2})$
$(\ddot{u})\{Z, Z_{B_{1}}, \ldots, Z_{B_{*-1}}, Z_{B\iota}\}$ $(X_{\ell}, x_{t})$ Yau
$(X_{B_{i}}, x_{\ell:})=(X_{t-};, x_{t-:})\in\Sigma(a_{0}, a_{1}, a_{2})$ for $i=0,1,$ $\ldots,$ $t$ ,
$(X_{B}:’ x_{i})$ $B_{i}$ blowing-down
(iii) $K_{\ell}$ $Z_{\ell}$ $(X_{\ell}, x_{t})$ minimal good resolution
$(t=1,2, \ldots)$ ,
(iv) $(Y, y)=\{x_{0}^{a_{O}}+x_{1}^{a_{1}}+x_{2}^{<a_{O},a_{1}>}=0\}\subseteq C^{S}$
$p_{g}(X_{t}, x_{\ell})-p_{g}(X_{\ell-1}, x_{t-1})=p_{g}(Y, y)$ $(t=1,2, \ldots)$ ,
$p_{g}(X_{\ell}, x_{t})-p_{g}(Xx)$ $t,$ $a_{2}$ $(Y, y)$
$z^{\{(a_{0}-1)(a_{1}-1)-(a_{0},a_{1})+1\}}1$
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